Background: In a time of increasing use of eHealth technologies, it is appropriate to consider how these might be used in physiotherapy for improving health outcomes for survivors of cancer. Objectives: The aim of this paper was to understand what technologies are in use in health care and how technologies are being used in cancer care and rehabilitation. Further, to consider the benefits and potential disadvantages of technologies in the field of oncology. Major findings: Two eHealth strategies used for education and intervention were considered: web-based and convergence technologies (the union of web-based and mobile technologies). To date, the use of webbased eHealth technologies for educating survivors of cancer is more advanced than the use of convergence methodologies which may be more suited to health care interventions. The benefits for geographically isolated populations and for information dissemination are evident. A number of challenges remain, in particular the rapid development of interactive technologies, and the reliability of, and secure access to information for intervention trials. Conclusions: The use of eHealth technologies should be incorporated in cancer rehabilitation; however, it is as yet too early to substitute such technologies for traditional methods.
Background
In Australia, according to the most recent available data, by the age of 75 years, one in three males and one in four females will have been diagnosed with cancer at some stage of their life. 1 The risk increases with age to one in two for males and one in three for females. 1 Worldwide, cancer accounted for 13% of all deaths in 2004 yet a third of all cancers are preventable. 2 According to the World Health Organization (WHO):
'Knowledge about the causes of cancer, and interventions to prevent and manage the disease is extensive. Cancer can be reduced and controlled by implementing evidence-based strategies for cancer prevention, early detection of cancer and management of patients with cancer.' 2 While there has been an increase in the incidence of cancer diagnoses, the death rates in some cancers are slowing, reflecting improvement in the medical and surgical management of patients with cancer, at least in developed countries. It is suggested that advances in cancer treatment will result in it becoming a manageable chronic disease, reflected in the inclusion of cancer in the WHO action plan for the global strategy for the prevention and control of non-communicable diseases. 3 Ironically, improvements in cancer treatment mean that it is now recognized that survivors of cancer are not only at increased risk of developing secondary cancers but also at increased risk of developing chronic diseases, notably cardiovascular disease and diabetes. 4 There also remains significant morbidity associated with the disease and its treatment. Approximately 30% of all cancer survivors report decreased quality of life due to physical and psychosocial problems following cancer diagnosis and treatment. 5 As an addition to conventional medical treatments, exercise and diet modifications have been associated with improving outcomes in people with cancer. 6 There is increasing evidence to suggest that outcomes may be optimized by interventions that emphasize physical activity, maintenance of body mass index, and limited ingestion of energy-dense foods and drinks (especially alcohol), all of which have 'convincing' and 'probable' causal associations with many cancers. 6 Research suggests that there is significant demand for lifestyle interventions. A study of the assessment of rehabilitation needs in patients with cancer 5 revealed that the primary desire of survivors of cancer is to have access to rehabilitation programmes that focus on diet, physical capacity, and psychosocial support. Barriers to these programmes may be both geographical and socioeconomic and are reflected in relative survival rates. 7 Brenner 8 suggests that patients most recently diagnosed with cancer (compared to those diagnosed many years ago) have very favourable long-term survival prospects. The challenge appears to be how to harness improvements in screening, medical and surgical care, and lifestyle modifications to optimize quality of life and the rehabilitation of survivors of cancer, and to facilitate sustainable outcomes. EHealth technologies may be one such methodology. This paper provides a definition for eHealth, discusses the evolution of webbased and mobile technologies increasingly being used in eHealth, and reviews some of the ways in which eHealth is contributing to improved health outcomes in general, and for survivors of cancer more specifically. The limitations and future prospects of eHealth technologies are outlined.
EHealth -What Is It?
The WHO defines eHealth as 'the combined use of electronic communication and information technology in the health sector'. 9 EHealth encompasses a range of technologies including telemedicine (and its various off-shoots such as telerehabilitation and telegenetics), electronic health records, health information systems, mobile health, consumer health informatics, virtual health care systems, and decision support systems, to name a few. Each is characterized by its target audience (e.g. consumers, health professionals) and the use of cyberspace more broadly.
There is now common acceptance of the classification of web-based systems such that the original Web 1.0 was 'mostly unidirectional, whereas Web 2.0 allows the user to add information or content to the web, thus creating interaction'. 10 Web 2.0 technologies include social media tools for social networking and online communities, and are being considered as potential health enablers. The combination of webbased technologies and health care has in turn generated the term Medicine 2.0 which is inclusive of collaboratives, systems, services, and health information in general. 10 Such is the pace at which technological change is progressing that Web 2.0 will likely be replaced by Web 3.0 (the semantic web, connecting knowledge) and Web 4.0 (the ubiquitous web, connecting intelligence).
11

Efficacy of Web-based Technologies for Health Care
The World Wide Web was created in 1989 to overcome geographical boundaries and to facilitate data sharing. 12 Since that time, the inclusion of eHealth technologies in health care has steadily progressed. There is evidence to support the potential long-term efficacy of internet-based interventions for promotion of both self-care and health. [13] [14] [15] Such interventions provide the potential for early and perhaps sustained delivery of health information (education) to individuals who previously were not afforded access, and through early intervention (treatment), may assist in long-term compliance with health protocols for those with chronic disease. 16, 17 In a controlled trial of web-based diabetes disease management, 18 
Web-based Technologies for Cancer Care
Use of the 'web' to present health-based interventions to survivors of cancer has become a viable option having the capacity to overcome both the socioeconomic and geographical barriers to treatment. 5 Previous work has identified a range of unmet supportive care needs in patients with cancer and their families including the need for cancer information. 20 Graham and Abrams 21 suggest that the 'Internet may be the most important dissemination vehicle to improve individual and overall public health at reasonable societal cost', although by itself it will not reduce the burden of cancer. The authors suggested that the internet should be used as an embedded tool for translating evidence-based health and behaviour research. 21 Until recently, it has been mainly Web 1.0 capabilities such as online education (information dissemination) that have been investigated, therefore it is reasonable to review how this capability has been used.
Web 1.0 capabilities
Health outcomes may be maximized by emphasizing patient education and promotion of self-efficacy
22,23
Laakso and Tandy Use of technology to improve health outcomes for survivors of cancer as well as practitioner education. In one of few studies of the efficacy of eHealth in survivors of cancer, of three online behaviours among internet users, Atkinson et al. 24 found that 58% of those surveyed used the internet to search for information for their own use and only 3.8% used online support groups. The users were more likely to be women, under the age of 50 years, white, married, educated, of poorer health status, and in lower income groups, although earlier studies suggest that cultural influences are also likely to be involved. 25 Gustafson et al. 26 tested a computer-based patient support system in young women with breast cancer and concluded that computer competence, participation in health care, and confidence in doctors were increased at 2-month followup. Moreover, social support and information competence had increased significantly by 5-month follow-up. Kinnane and Milne 27 reviewed the literature regarding the use of the internet by cancer carers and concluded that information searching and online forums were also increasingly used by those who care for survivors of cancer.
Murrat et al. 28 have identified the three most important benefits of web-based interventions (interactive health communication applications) as being the facilitation of superior provision of information to patients, promotion of health behaviours, and management of the burden placed on health services. A discussion of these perceived benefits follows.
Web-based interventions facilitate superior provision of information to patients This outcome can be attributed to the provision of large volumes of regularly updated information via userfriendly and easily accessible media. Tailoring of the intervention to a specific population (e.g. survivors of breast cancer) may optimize personal significance and therefore retention of and adherence to information. 28 In a systematic review and meta-analysis, Gysels and Higginson 29 found that educational technology was as effective or slightly superior to traditional methods; however, the technology interventions had variable impacts on patient involvement in decision making. Bylund et al. 30 found that when health care providers validated patient's efforts to find web-based information, patient satisfaction improved and concerns decreased. However, the length of patient-practitioner consultations was found to increase significantly when internet information was discussed. 31 With the burgeoning of technologies and new systems, and the competitive nature of the information and computer technology industry, developments in the field are rapidly outpacing the ability to institute and integrate technologies into eHealth strategies. In a survey of users, Bright et al. 32 found that both traditional and technology-based information support was essential in order to bridge the digital divide for underserved populations. The authors reported that 40% of their sample (n56019) reported using the internet for information yet only 20% found the information that they were seeking. Therefore, not only is the technology itself at issue, so is the content and its quality. 21 Methods for determining the quality of web-based content, of empowering consumers on how to identify the veracity of information, and facilitating timely and appropriate access are continuing challenges in this field.
Web-based interventions promote health behaviours Superior information provision better equips patients to adhere to positive health behaviours, 28 an important aspect of creating sustainable change and improving long-term survivorship in people who have experienced cancer. A move towards using web-based technologies to collect quality of life data has seen the recognition of issues such as validity, reliability, and costs of the technology. 33 Many studies fail to address methods of determining the validity of patient-reported health behaviours particularly when interactive components are employed as methods of measuring and reporting behaviourrelated outcomes (such as online survey tools).
Restricting an individual to a desktop personal computer seems counter-intuitive if the individual is required to regularly enter data on behaviours such as physical activity. More dynamic technologies may be more suitable for such endeavours. Hesse et al.
34
stress the need for a user-centerd approach to health information technology. The authors suggest that adoption rates of eHealth can be improved and thus benefits optimized by ensuring that stakeholders can influence technology design and utility, so making technologies maximally productive in supporting effective communication and intervention.
Web-based interventions manage burden placed on health services As a result of information provision to cancer survivors, communication skills between patients and health professionals may be optimized, resulting in more efficient patient tracking, health care provision, improved patient outcomes, decreased time spent with health care providers, containment of costs and therefore, a reduction in the burden placed on health services. 28, [35] [36] [37] In a study of telehealthbased cancer genetic counselling (telegenetics), 38 women with hereditary breast and/or ovarian cancer and with low psychosocial needs, reported high levels of acceptance and convenience with the service provided. The authors suggested that where more complex psychosocial issues may be involved, additional strategies would be required to support these 18 with particular limitations noted regarding the level of language (i.e. practitioner versus patient), access factors (such as health practitioner time constraints), and health care providers' belief that use of a computer was a barrier to communication with patients. The outcome raised the notion that web-based support tools were ineffective, costly and time-consuming, and led to questioning of whether health consumer behavioural change outcomes could be as effective using web-based versus non-web-based methods. Further matters of concern are the quality of information found on the internet, how the information is used, and the need to educate patients so they may more effectively evaluate health information. 40 Many of the criticisms appear to have evolved due to the static nature of Web 1.0 technologies resulting in attempts to use virtual communities and other methods of interactivity to better engage users (Web 2.0). The uptake and understanding of the capabilities of Web 2.0 technologies by health practitioners is also low. In a recent (unpublished) survey by Usher, of 935 Australian allied health practitioners, 71.3% did not use Web 2.0 at all, with 83.3% citing a lack of understanding of Web 2.0 as a reason for not adopting the technology as a way of delivering health care. While one in five used Web 2.0 for personal needs, evidently the potential for its use in the professional sphere has not been realized.
Convergence Technologies
One solution to issues of accessibility and to the static nature of web-based (Web 1.0) technologies has been to increase flexibility, utility, and mobility. Interactivity of eHealth technologies has been enhanced by mobile information technologies and Web 2.0 capabilities. The union of web-based and mobile technologies has been termed 'convergence technologies'. Usher 41 identifies four interactive components or capabilities that are increased through the inclusion of Web 2.0 convergence technologies, these being (1) multimodality; (2) networkability; (3) temporal flexibility; and (4) message tailoring capabilities. Recent examples of convergence technologies are the third generation (3G) mobile and smart telephones, and the imminent 4G (Beyond 3G) broadband telephone. According to a United Nations report, worldwide cell (mobile) telephone usage has reached 60% (compared to 12% in 2000) and 64% of mobile telephone users are found in the developing world. 42 The uptake of mobile technologies is such that static points of online access are fast becoming redundant, and dynamic mobile platforms are rapidly overtaking communication methods such as email. The development, testing, and use of mobile technologies for health behaviour change have increased in recent years with the advent of smart phones incorporating gyroscopes, accelerometers and global positioning sensors, and the ability of consumers to develop applications ('apps' also known as widgets) for mass dissemination via technology conglomerates. The convergence of Web 2.0 and mobile technologies has coincided with the development of social media (including blogging and networking sites) that are almost exclusively the domain of younger cohorts. Chou et al. 43 report a statistically significant linear relationship with younger age groups reporting greater use of social media, as well as greater use by those with poorer subjective health status. Moreover, use of social media was independent of education, ethnicity, or health care access. Those who had a personal experience with cancer were more likely to have participated in an online support group. 43 In an early study of a wireless (mobile telephone) health outcomes monitoring system to improve communication between cancer patients and the healthcare team, Bielli et al. 44 noted that a significant percentage of users (42%) refused to use the system. In a more recent study, Maguire et al. 45 tested the perceptions of nurses towards a mobile telephone-based system to support patients with cancer at home, and found that overall perceptions were positive with recognition of the benefits for early intervention. With the increasing use of mobile technologies, perhaps the older community-dweller who is more likely to use a mobile telephone than the internet, will more easily convert to convergence technologies. Although little evidence is available for survivors of cancer, convergence technologies have begun to transform health service delivery. Specific advantages include increased access to healthcare and timelier public health information, improved diagnostic and tracking capabilities, and improved access to education and training for health workers. 42 One of the significant advantages of convergence technology is its wireless capability thus setting the consumer free from the desktop personal computer. Conversely, one of the challenges in convergence technologies is to successfully incorporate them with those technologies that will link seamlessly to new health informatics systems (including health records). A host of healthcare projects in developing nations is testament to the penetration of eHealth technologies globally, and their potential for hard-to-reach populations. The ubiquity of mobile devices in the developed world suggests that eHealth service provision for survivors of cancer is a looming reality. As Kreps and Neuhauser 46 so elegantly stated:
'eHealth information that is interactive, interoperable, personally engaging, contextually tailored, with the ability to be delivered to mass audiences can really make a difference in enhancing the quality of health care and health promotion efforts. It can reach diverse audiences with information that matches their health needs and communication orientations. Health information can be easily updated and adapted to changing health conditions. It can foster greater participation between interdependent health care providers and consumers and insure that all crucial stakeholders in the health care enterprise have access to timely and accurate information to guide their decisions.'
Tailored interventions (e.g. those that afford participants access to interactive facilities for selfmonitoring, monitoring by health practitioners, individualized feedback, and telephone communication) may be more effective in engaging participants, building their self-efficacy, and improving their adherence with recommended health behaviours than programmes that present only generic educational information. [47] [48] [49] Computer-based interventions that afford patients timely access to educational and interactive tools are indicated for use with behaviours that require regular input to elicit and maintain selfregulation 50,51 such as dietary and physical activity behaviours.
Limitations of convergence technologies
Demiris 52 reviewed the use of virtual communities in health care for increasing patient empowerment, and enhancing coordination of care. Virtual communities were noted in health care delivery teams, research teams, and patient-care-giver applications. Examples of several virtual communities were described with a number of concerns raised including: the progressive dehumanization of interpersonal relationships, potentially negative communications (non-interactivity and hostility), and factors related to identity and deception thus making the experiences potentially counter-productive to those involved. Other drawbacks identified by Demiris 52 were those related to usability and accessibility of the technologies -what some would describe as the digital divide. The latter is likely to be the greatest drawback to the potential of eHealth in facilitating sustainable change in consumer-centric systems. A number of limitations need to be overcome to establish the place of Web 2.0 and convergence technologies as adjuncts to improve outcomes for survivors of cancer. Such factors include obtaining objective data to verify intervention outcomes, the use of interactive tools with known reliability and validity for data evaluation, and the ability to obtain participant feedback or identify issues relating to compliance and intervention efficacy. The inclusion of appropriate interactive components for engaging patients within cyberspace may contribute to improved intervention efficacy, as would the inclusion of remote/wireless applications for monitoring and tracking outcomes.
Limitations of EHealth for Survivors of Cancer
In addition to the technology-specific factors already noted, a number of other factors impose limits on the capacity of eHealth to improve outcomes for survivors of cancer.
Despite improved survival rates, survivors of cancer may be confronted by psychosocial factors associated with the diagnosis including the possibility of relapse or recurrence. Although there is little scientific basis for the belief that coping styles influence event-free survival, 53 there is clear evidence that psychological interventions are effective in reducing distress and promoting adjustment in patients with cancer. 54 Jones et al. 55 found that participants who received personalized information were less anxious than those who received general computer-based information at 3-month follow-up although participant satisfaction was improved in the technology arm of the trial. As with many other interventions, effective psychological screening and care via eHealth modalities is yet to be established. The quality of practitioner-patient interactions has not been explicated in numerous studies and data are often based upon patient self-reports. Few if any studies have reported factors based on information security or privacy and with push-pull factors evident (e.g. in Australia) for electronic health records much work needs to be undertaken to manage the competing factors of the requirement for high-grade information and the requirement for secure information systems. And as with all interventions, if the consumer does not use the technology then the potential for sustainable change is negated and no better than that which is attainable by more traditional means.
Lastly, the matter of ethical and confidential patient-practitioner relationships in the absence of face-to-face communication must be addressed. Updated guidelines on these matters are required as health care moves to more remote interactions. 
Conclusion
It is now commonly regarded that 'eHealth technologies will likely play an important role in the evolution of health care'. 58 Web-based information dissemination and convergence technologies hold promise for reducing the burden of care and improving health outcomes. The evidence for integrating eHealth technologies into mainstream cancer care and rehabilitation is not adequately advanced, nor have the limitations been suitably addressed. However, the rapid development of convergence technologies suggests that this is only a matter of time.
